Objective: Epidemiological research has shown that air pollution is associated with cardiovascular events, but little is known about short-term effects on blood pressure (BP) and heart rate (HR) in Serbian population. The present study assessed the short-term association between black smoke (BS) and sulphur dioxide (SO 2 ) levels in urban air and the daily values of blood pressure and heart rate in 98 healthy nonsmoking female volunteers.
INTRODUCTION
There is growing evidence that air pollution can adversely affect cardiorespiratory health. Previous research has indicated that exposure to air pollution is associated with increased cardiopulmonary hospital admission and mortality (1) (2) (3) . It has also been suggested that susceptible groups may be more at risk for air pollution exposure, like the eldery (4, 5) , and people with chronic cardiorespiratory diseases (6, 7) .
The mechanism of air pollution effect on the cardiovascular system has not yet been fully understood, although there are few assumptions. These assumptions include the systemic and local inflammations (8) , alterations in blood coagulability (9) , and alteration of the autonomic nervous system (10) . Blood pressure (BP) and heart rate (HR) can be used to assess changes in the autonomic control of the heart and vascular tone. Information on the association between exposure to pollutants in the atmosphere and blood pressure and heart rate has already been published (11) (12) (13) .
In Serbia, air pollution is a big problem, mainly as result of an extremely low level of environmental consciousness of citizens. Basically, the causes of pollution are bad quality motor fuels, the use of old vehicles without a catalytic converter, and outdated technologies in the industrial and energy sectors.
A primary objective of this study was to further examine short-term effects of air pollution on cardiac autonomic function, measured by blood pressure and heart rate, in a panel study of healthy volunteers who live in the most polluted city area.
MATERIALS AND METHODS

Study Area and Population
This study was conducted in Niš. The city of Niš is situated in the Nišava valley in Serbia. The central city area is at 194 m above sea level. The city area covers 596.71 square kilometres with a population of 392,340 citizens. Sources of air pollution in the city include heating and traffic. Air pollution levels in winter are generally higher because of temperature inversion episodes. Study area of the city was carefully selected, based on the highest annual mean concentrations of sulphur dioxide (SO 2 ) and black smoke (BS) in the past 10 years.
The study was approved by the Public Health Institute Ethics Committee, and participants signed written informed consent. Participants were informed about the aim, performance and expected results of the study. Data were collected from 1 October to 31 October in 2014.
A total of 98 healthy female volunteers, aged between 20 and 40 years, participated in the study. Eligibility criteria for selection of participants in this study included the same ethnicity, living beyond 10 km of the sampling monitoring station, living for more than 5 years on the same residential address, not being occupationally exposed to gas/dusts/fumes, and being non-smoker. Exclusion criteria included the use of medications and history of cardiovascular and pulmonary diseases. Volunteers visited the Healthcare Centre Niš at noon every day during the study. After obtaining written informed consent, a semi-structured questionnaire was used to collect baseline data by trained interviewers. The physical examination was synchronously performed by nurses.
Study Design
This was a longitudinal, panel study.
Air Pollution and Weather
Daily records of air pollution were obtained from the Institute for Public Health Niš. The monitoring station was located downtown (the most polluted area) and provided 24-hour averages of sulphur dioxide (SO 2 ) and black smoke (BS). The sampling protocol was carried out by trained personnel. BS (µg/m 
Questionnaire
Questionnaires were conducted by trained interviewers. The general questionnaire included information on age, employment, education, passive smoking (ETS) at home, physical activity, alcohol consumption, and family history of cardiovascular diseases.
Outcomes and Health Assessment
Each subject performed the following measurements: height, body weight, BP and HR by trained nurses.
Anthropometry
Standing height and body weight were measured by standard procedure. Body mass index (BMI) was calculated as weight/ height squared (kilograms per meter squared).
BP and HR Measurement
At each clinical visit, a physician measured BP using a standard mercury sphygmomanometer after a five-minute rest. Systolic BP (SBP) and diastolic BP (DBP) were measured in each arm to the nearest 2 mm Hg while the participant was seated. The means of the right and left arm measurements were used as the BP measurement of each participant for analytical purposes. Pulse palpation was measured for 60 seconds.
Statistics
Generalized regression model was applied to investigate air pollution effects on blood pressure and heart rate. This model used blood pressure and heart rate as the response variables, and daily mean values of pollutant concentrations, temperature, relative humidity, air pressure, season, and the day of the week as the independent variables. Basic regression model building was done for each dependent variable separately. Polynomial and natural cubic parametric functions were applied to explore the shape of the association between confounders and dependent variable. The relationship between the concentration of pollutants and dependent variables is considered linear. The model fitting was based on Akaike's Information Criterion. We assessed the effects of lagging exposure for 0, 1 and 2 days (lag 0, lag 1, lag 2, respectively) as well as cumulative lag 0-5. Lag 0 was defined as the 24-hour period from midnight of the day of the exposure, and lag 1 as the preceding 24-hour period, and so on. In cumulative lags (lag 0-5), we examined average concentrations on the day of the exposure and the previous days. Analyses were done using S-PLUS 2000 software.
RESULTS
Ninety-eight healthy nonsmoking female volunteers of mean age 37.7 ± 9 (range 20-40) years with normal cardiovascular function were recruited (Table 1 ). More than 50% of women reached a secondary educational level. Over fifteen percent of these individuals reported exposure to ETS at home. Use of alcohol was present in two women (2%). Physical activity was practiced by nine women (9.2%).
Characteristic
Mean ± SD or n (%) 3 ) only in four days. Concentrations of SO 2 had no significant variations. The daily mean data for temperature ranged from −1.0 to 13.2°C and the daily mean data for relative humidity ranged from 979.9 to 1,008.9%. The daily mean data for air pressure ranged from 52.0 to 95.0 mbar.
BS and SO 2 showed moderate correlation, as well as with air pressure (Table 3 ). The pollutants did not present positive correlation with temperature and relative humidity. Table 4 and Figures 1-3 summarize the results of BS and SO 2 influence on blood pressure and heart rate. There was no significant correlation between systolic blood pressure and levels of BS and SO 2 . An increase of 10 μg/m 3 of BS was associated with estimated decrease in mean diastolic BP, but without statistical significance. SO 2 increasing for 10 μg/m 3 led to decreasing BP (except lag 0), but was not statistically significant. The magnitude of association for HR for lagged (lag 0, lag 1, lag 2 and lag 0-5) levels of both BS and SO 2 were not statistically significant.
DISCUSSION
We identified no significant effects of short-term air pollution exposure on blood pressure and heart rate in healthy adults in this study. These effects were seen with certain pollutants (BS and SO 2 ) and observed only in women, suggesting that sex may be an effect modifier.
BS exposure can lead to various changes in the human body. BS can provoke formation of reactive oxygen species in vivo, leading to inflammation and cellular damage (14) . Inflammation is more present in elderly male population (15) .
Changes in BP are caused by effect of the particles on increased baroreceptor reflex sensitivity (16) . BS did not show a significant association with blood pressure and heart rate in our study. BS -black smoke, SO 2 -sulfur dioxide, β -Beta regression coefficient, CI -confidence interval short-term air pollution exposure on BP, but other studies have not. In the study of Brook et al. (17) community levels were not associated with cardiovascular outcomes, but 10 μg/m³ increase in total personal-level exposure was associated with systolic blood pressure elevation (+1.41 mm Hg, lag day 1, p < 0.001). In other study interquartile increase of PM 10 was associated with lag 0, mainly on systolic blood pressure (18) . Increased particulate matter with aerodynamic diameters < 10 micro was associated with elevated systolic blood pressure (interquartile range, 34 μg/m, for 0.47 mm Hg; 95% CI: −0.09 to 1.02), triglyceride, apolipoprotein B, haemoglobin A1C, and reduced high-density lipoprotein cholesterol (19) . Louwies et al. suggested that the changes in a person's blood pressure as a result of subchronic BS exposure operate independently of the retinal microcirculation (20) .
Also, Liu et al. found that increases in black carbon and PM 2.5 were associated with increases in blood pressure and heart rate in nonsmoking seniors (21) . PM 10 was associated with elevated systolic blood pressure (interquartile range, 34 μg/m, for 0.47 mm Hg; 95% CI: −0.09 to 1.02).
Heart rate is not a stable value and it increases or decreases in response to the body need to maintain basal metabolic rate between requirement and delivery of oxygen and nutrients. Men had more pronounced sympathetic influence than women in cardiac regulation and heart rate variability (HRV) declined linearly with age (22) . As well as in BP, some studies have demonstrated a correlation between short term exposure to air pollution and heart rate, while others have found no association between the two.
Regular aerobic training usually results in significant reductions in heart rates both at rest and during submaximal exercise (23) . Our healthy volunteers were reported to exercise regular physical activity, which may be just one of the possible reasons why short-term exposure to air pollution had no effect on the increase in heart rate.
Short-term exposure to PM 10 reduces pulse pressure and age, sex, and hypertensive status may modify the effects of PM 10 on pulse pressure (24) . Adar et al. reported that BS are negatively associated with heart rate variability in the elderly (25) .
Luz and Pope found that short-term differences in air pollution, specifically PM 2.5 concentration, did not affect ventricular repolarization (26) . In contrast to this study, other studies (27, 28) confirmed marked changes in traffic-related PM 2.5 exposure which were associated with altered cardiac autonomic function in young healthy adults. Changes in air pollution indices may lead to the occurrence of non-sustained supraventricular tachycardia, a slight reduction in maximum heart rate (29). Chan et al. reported that HRV was not associated with PM 10 , CO, SO 2 , or O 3 (30) .
Our study has some limitations. First, we used environmental monitoring data for the exposure of each individual to air pollution. Therefore, measurement errors resulting from differences between actual exposure and ambient levels cannot be avoided. However, this error is more likely to cause a bias towards the null and underestimate the pollution effects. Second, there is also the possibility of error in the blood pressure measurement because we used the data measured once from both arms by standard mercury sphygmomanometer. Data on large BP variability that occurs throughout the day would be more valid if we had used holter monitors, but it would be too costly and unfeasible within the public health system. Despite these limitations, this study has several strengths. We avoided the self-measured BP since BP was measured by trained nurses. Considering the fact that the participants in our study were females, on the basis of our results we have proved that females are not necessarily more vulnerable to ambient air pollutants. Due to equipment shortage for measuring PM 10 and PM 2.5 we used BS measurement data. However, BS could serve as a useful marker in epidemiological studies and BS level are much more directly influenced by local traffic sources than other pollutants.
CONCLUSION
Conclusions of our study indicate that air pollution is not associated with blood pressure and heart rate in women. These results provide evidence that current levels of air pollution in Niš were not associated with adverse health outcomes. In the view of low ambient concentration, monitoring of other pollutants, such as nitrogen dioxide and ozone, has been confined to only one station in Niš in recent years. Consequently, our obtained results are a baseline for further analytic epidemiological research on the association between exposure to other pollutants and blood pressure and heart rate.
